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ABSTRACT
For a dry compressor, internal leakage losses are always significant due to the absence of lubricant. In this paper, a
simulation study focuses on the leakage through a rotary swing compressor rotor endface clearance is presented.
Leakage is found to increase during the compression process and decreases when discharge process starts. Due to the
complexity of the rotor geometry, the leakage simulation is carried out by using a CFD computational code under
different operating conditions and the results are then used to be an input to the lumped simulation model to analyze
the compressor’s overall performance. With this approach, a lumped numerical simulation model is successfully
simplified.

1. INTRODUCTION
Rolling piston compressor and its variants are widely used in air-conditioning industry. These compressors have many
advantages such as compactness, light weight, low cost and high performance. Moreover, to widen the applications
of a conventional compressor, lubricant-free compressors are also designed to allow for operation under any
orientations (Kus & Nekså, 2013; Oliveira, Diniz, & Deschamps, 2015; Ooi, 2014). Since a lubricant-free compressor
is functioning without lubricant, the latter also plays an important role to help sealing the clearances, the leakage losses
in lubricant-free compressor is expected to be much more significant.
In this paper, a lubricant-free rotary swing compressor is examined. The design of a swing compressor is very similar
to that of the rolling piston type, but the rotary structure is modified to the swing structure to overcome the reliability
problem caused by the vane tip wear of the rolling piston type compressor (Masuda, Sakitani, Yamamoto, Uematsu,
& Mutoh, 1996; Ohkawa et al., 2002).
There are many clearances existing in a swing compressor and these are rotor radial clearance, vane side clearance
and rotor endface clearance. These clearances are also common among other rotary type compressors. The leakage
paths through these clearances have been identified, modelled and analyzed numerically and experimentally
previously (Pandeya & Soedel, 1978; Teh & Ooi, 2009; Yanagisawa & Shimizu, 1985a, 1985b). However, it is always
difficult to get the accurate measurement and most studies related to internal leakage were carried out using numerical
simulations. However, many assumptions were normally made in numerical models, in which, causing the predictions
and the usage of the results rather limited.
Nowadays, the computation power has been improving dramatically and the widely use of user friendly CFD
computational code has eased the process of modelling. Hence, this paper attempts to analyze the leakage loss through
the rotor endface clearance (Hugenroth, 2014) by running both CFD and lumped numerical simulations. It is hoped
that with this approach, the leakage losses of a compressor can be easily modelled without the complexity of the
geometry.
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Figure 1: Schematic view of a swing compressor (Ohkawa et al., 2002)

2. ROTOR ENDFACE LEAKAGE
Due to the complicated geometrical shape of the rotor endface clearance as shown in Figure 2, the leakage path through
the rotor endface is difficult to model mathematically. Furthermore, the complexity is increased by the clearance of
the rotor endface which is not uniform due to machining tolerances. However, the rotor endface clearance can be
modelled as an equivalent channel of length, 𝑙"#,%&'&% with the width of the channel taken to be the same as the width
of the vane since it is the shortest leakage path, as shown in Figure 3. The leakage flow of the equivalent channel is
assumed to be uniform.

Figure 2: Leakage through rotor endface

Figure 3: Leakage through an equivalent length
channel with uniform width

2.1 Numerical Simulation
Since the compressor will be operating without any lubricant, the mathematical approach proposed by Yanagisawa
and Shimizu (Yanagisawa & Shimizu, 1985b) which involved the solubility of the lubricant to obtain the leakage flow
rate was not used. However, another solution proposed by Yanagisawa and Shimizu (Yanagisawa & Shimizu, 1985a)
to model the leakage as a Fanno flow is used since the rotor endface clearance is a channel with friction, as shown in
Figure 4.
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Figure 4: Rotor endface clearance leakage by Fanno flow
Assuming the working fluid as the ideal gas, the governing equations for the Fanno flow were solved numerically and
are expressed as below:
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2.2 Computational Fluid Dynamics (CFD) Simulation
The CFD simulation was carried out using ANSYS FLUENT 18.1 to investigate the viability to model the rotor
endface leakage in a much direct and more comprehensive 2-D manner as compared to the much simplified numerical
simulation as presented in equations (1) to (9). The fluid layer model used to simulate the rotor endface is shown in
Figure 2 with the dimensions given in Table 1. The multizone meshing method was adapted along with the fine
relevance center and high smoothing of the mesh, resulting in a total of 150,000 elements. R1234yf was used as the
working fluid with the assumption of ideal gas properties. For simplicity, the steady state simulation was carried out
in steps of 30° rotor rotational angle, where the rotor rotational angle is defined in Figure 5. The endface of the rotor
and cylinder were assumed to be stationary. The pressure in the suction chamber ranges from 380 kPa to 400 kPa
while the compression pressure is in the range of 410 kPa to 1650 kPa. Besides that, the temperatures in the suction
and compression chamber were 305 K and 309K to 350 K respectively.
Table 1: Dimensions of rotor endface fluid model
Radius of rotor, 𝑟%&
Length of vane, 𝑙WCX"

23 mm
23 mm

Width of vane, 𝑤WCX"
Rotor endface clearance, 𝛿%")

3 mm
10 µm

Figure 5: Definition of rotor rotational angle

3. RESULTS AND DISCUSSIONS
As an example, one set of results from the CFD simulation is shown in Figure 6. Figures 6(a) and 6(b) show the total
pressure contour and velocity magnitude vector, respectively when the rotor rotational angle was at 180° where the
vane protruded furthest away from the slot. It is found that the total pressure distribution is uniform and symmetric at
the rotor endface. This is because each suction and compression pressure separates the total working chamber into the
two equal sized chamber in a geometrically symmetrical situation. As a contrast, Figures 6(c) and 6(d) illustrate the
total pressure contour and velocity magnitude vector at 300° rotor rotational angle respectively. It is seen that the total
pressure was initially high near the compression chamber and decrease gradually until the suction chamber. Separately,
the velocity vector displays the rotor endface leakage flow directions. The figures show that the leakage flow always
displays the highest velocity at the least resistance paths, as would be expected.
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(a) Total pressure contour for 𝜃 = 180°

(b) Velocity magnitude vector for 𝜃 = 180°

(c) Total pressure contour for 𝜃 = 300°
(d) Velocity magnitude vector for 𝜃 = 300°
Figure 6: Rotor endface leakage contours and vectors plot
Using the CFD results obtained, and from equation (7), the equivalent rotor length, 𝑙"#,%&'&% can be obtained from the
results of CFD simulation and plotted as a function of pressure ratio between the compression and suction chamber.
The equivalent length serves as a direct representation of the leakage flow path through the rotor endface clearance,
as seen from Figure 7. The equation of curve fit is then obtained as follows:
𝑙"#,%&'&% = 0.07723

𝑃8&9
−1
𝑃[\8

R.]^<]

(10)

Based on equation (10) obtained, it is used to solve equations (1) to (9) numerically and the results for the leakage
flow rate were compared. From Figure 8, it is observed that the leakage flow rate started to drop after it reached a
peak at around 250°. It was due to the start of the discharge process when the working fluid pressure was high enough
to open the reed valve. As shown in Figure 9, the pressure was peak at around 580°, the working fluid started to
discharge, and the pressure dropped during the process. The process continued until the valve closed. However, there
was always some working fluid remained in the chamber due to clearance volume and the closing of the discharge
port. The remaining fluid was further being compressed, which can be noticed at around 700° where the pressure was
built-up again. At the end of the cycle, the remaining working fluid would fill up the clearance volume and re-expand
to the next cycle, or leak to other chambers, which resulted in non-zero ending of the leakage flow at 360° in Figure
8.
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Figure 7: Equivalent rotor length for different pressure ratios

Figure 8: Comparison of results from CFD and numerical simulation
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Figure 9: Variation of working fluid pressure during operation
Table 2: Comparison of normalized lumped simulation results with and without internal leakage at 3000 RPM
Without Leakage

With Leakage

Change Rate (%)

Mass flow rate

1.0000

0.9972

- 0.27

Volumetric efficiency

1.0000

0.9890

- 1.10

Cooling capacity

1.0000

0.9995

- 0.05

Table 2 shows the comparison of the simulation results. It is found that volumetric efficiency had the most significant
change, which was lower by 1.10%. It was caused by the internal leakage and the left-over working fluid that was not
discharged at the end of discharge process and retained in the dead volume. Other than that, mass flow rate was 0.27%
lower and the cooling capacity was found decreased by 0.05%. Although the effect looks minor from the simulation
result, it is hoped that an experiment can be conducted in the future to validate the leakage model as well as the
performance of the compressor under the leakage effect.

4. CONCLUSIONS
This paper studied the leakage through the swing compressor rotor endface clearance. It is always challenging to
model the rotor endface clearance leakage mathematically due to its complicated geometry and the complexity in flow
configuration involved. Thus, a CFD approach was introduced to ease the numerical modelling of the leakage path
and the methodology was presented in this paper. From the study, the results show that it is possible to model the
leakage as suggested. It is hoped that a more comprehensive model can be employed for both the CFD and the
numerical simulation and an experiment can be conducted to validate these approaches in the future.

NOMENCLATURE
𝑙
𝑀
𝑚B"CD
𝑃
𝑟
𝑅

length
Mach number
leakage flow rate
pressure
radius
specific gas constant

(m)
(-)
(kg/s)
(Pa)
(m)
(J/kg∙K)
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𝑅𝑒
𝑇
𝑣
𝑤

Reynolds number
temperature
velocity
width

(-)
(K)
(m/s)
(m)

𝛿
𝜃
𝜅
𝜆
𝜇

clearance
rotor rotational angle
specific heat ratio
friction factor
dynamic viscosity of working fluid

(m)
(°)
(-)
(-)
(Pa∙s)

Subscripts
𝑐𝑜𝑚
𝑒
𝑒𝑞
𝑓
𝑟𝑒𝑓
𝑟𝑜
𝑠𝑢𝑐
𝑡
𝑣𝑎𝑛𝑒

compression chamber
exit
equivalent
friction
rotor endface
rotor
suction chamber
throat
vane
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